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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

[0001] The present invention relates to a fluidized- 
bed-type reduction apparatus for reducing fine iron ores 
in the procedure of producing, pig iron or ingot iron and 
a method for reducing Iron ore particles using such an 
apparatus, and more particularly to a fluidized bed type 
reduction apparatus capable of efficiently reducing iron 
fine ores of wide size ranges in a stably fluidized state 
and a method for reducing iron fine ores using the ap- 
paratus. 

Description of the Prior Art 

[0002] Generally, conventional methods for produc- 
ing pig iron from reduced iron ores include a method us- 
ing blast furnaces and a method using shaft furnaces. 
In the latter method, iron ores reduced in a shaft furnace 
are melted in an electric furnace. 
[0003] In the case of the method for producing pig iron 
using blast furnaces, a large amount of coke is used as 
a heat source and reducing agent. In accordance with 
this method, iron ores are charged in the form of sintered 
ores in order to improve the gas-permeability and reduc- 
tion. To this end, conventional methods using blast fur- 
naces need a coke oven for producing coking coat and 
equipment for producing sintered ores. For this reason, 
the method using blast furnaces is a method requiring 
a huge investment and a high energy consumption. 
Since high quality coking coal is maldistributed in the 
worid and the amount of its reserves are diminishing, 
the shortage thereof becomes severe as the demand 
for steel increases. On the other hand, the method of 
reducing iron ores using shaft furnaces requires a pre- 
treating step for pelletizing iron ores. Since this method 
also uses natural gas as a heat source and reducing 
agent, it has a drawback that it can be commercially Im- 
plemented only in areas where an easy supply of natural 
gas is ensured. 

[0004] Recently, a smelting reduction method capa- 
ble of producing ingot Iron from Iron ores using non-cok- 
ing coal in plaCe of coke has been remarkable as a new 
iron production method. 

[0005] Such a smelting reduction method typically 
employs a system wherein iron ores pre-reduced in a 
separate furnace are completely reduced in a melting 
furnace to produce hot metal. In the reduction furnace, 
iron ores are reduced in a solid phase before they are 
melted. In other words, iron ores charged in the reduc- 
tion furnace are reduced while being in contact with hot 
reducing gas generated in the melting furnace. 
[0006] The reduction process used in this method is 
classified into a moving bed type and a fluidized bed 
type in accordance with the condition that iron ores are 



in contact with the reducing gas. It has been known that 
one of the most promising method for the reduction of 
fine iron ores of wide size distribution is the fluidized bed 
type process wherein the ores are reduced in a fluidized 
5 state by a reducing gas supplied through a distributor 
which is installed in thia lower part of the reactor. ~ 
[0007] Ah example of the fluidized-bed-type reduction 
furnace is disclosed in Japanese Patent L«id-ppen Pub- 
lication No. Heisei 3-215621. As shown in FIG. 1, this 
io fumace comprises a cylindrical reduction furnace 91 
and a cyclone 95. When iron ores are charged through 
an inlet 92 and a reducing gas is supplied in the reduc- 
tion fumace 91 via a line 93 and a distributor 96 at an 
appropriate flow rate, the iron ores form a fluidized bed 
f 6 above the distributor so that they can be mixed and ag- 
itated with the reducing gas. In this state, the iron ores 
can be reduced by the reducing gas. The reducing gas 
supplied in the fumace forms bubbles in a layer of iron 
ore particles as if a fluid is boiled, and then rises through 
20 the particle layer, thereby forming a fluidized bed of iron 
ore particles. Therefore, this fluidized bed is a bubbling 
fluidized bed. The reduced Iron ores are discharged out 
of the reduction fumace 91 through an outlet 94. 
[OOOq In the case of the fluidized-bed-type reducUon 
25 apparatus disclosed in the above publication, it Is nec- 
essary to minimize the flow rate of the reducing gas 
while forming an effective fluidized bed so as not only 
to reduce the elutriation of iron ores, but also to increase 
the efficiency of the reducing gas. To this end, the grain 
30 size of iron ore particles should be strictly limited to a 
certain range if the flow rate of the reducing gas in the 
fluidized bed is constant along the longitudinal axis of 
the fluidized bed. In other words, the gas velocity of the 
reducing gas required to form an effective fluidized bed 
35 should be controlled between a minimum fluldlzing ve- 
locity and a terminal velocity. For such a fluidized bed 
type reduction fumace, accordingly. Iron ore particles 
should be screened in terms of their grain size so that 
only those of similar grain ranges can be charged Into 
40 the reduction fumace. If the operation is carried out at 
a high gas velocity which is required to fluidize coarse 
iron ore (which would not be fluidized at a low gas ve- 
locity), it will result in a large amount of the elutriation of 
fine iron ore because the terminal velocity of the fine ore 
45 is lower than the operating gas velocity. As the result, 
the dust collecting efficiency of the cyclones is reduced, 
thereby increasing the loss of the raw material. Further- 
more, the reduction rate of circulating fine iron ore is de- 
graded because their mean residence time in the reduc- 
50 tion furnace is shorter than that of coaree from ore. 
[0009] EP-A-0 594 557 discloses a fluidized bed type 
of reduction apparatus, according to the pre-character- 
Ising part of Claim 1, that includes furnaces of tapered 
shape. However, the furnaces of EP-A-0 594 557 in- 
55 elude various features that interrupt the continuum of 
conical material, with the result that comparatively 
coarse iron ore particles cannot be fluidized. 
[0010] The inventors proposed the present invention 
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which can solve the above-mentioned problems en- 
countered in the conventional methods, based on the 
results of their research and experiments. 

SUMMARY OF THE INVENTION 

[001 1] In accordance with one aspect, the present in- 
vention provides a fluidized-bed-type reduction appara- 
tus as defined in Claim 1. Hereinafter, this apparatus wilt 
be referred to as a two-stage fluidized-bed-type reduc- 
tion apparatus. 

[001 ^ In accordance with another aspect, the present 
invention provides a fluidized-bed-type reduction appa- 
ratus for reducing fine iron ore, as defined in Claim 2. 
l-iereinafler, this apparatus wilt be referred to as a three- 
stage fluldized bed type reduction apparatus. 
[0013] In accordance with another aspect, the present 
Invention provides use of the apparatus of Claim 1 In a 
mettiod for reducing fine iron ores of wide size distribu- 
tion, as defined in Claim 7. Hereinafter, this method will 
be referred to as a two-stage reduction method. 
[001 4] In accordance with another aspect, the present 
invention provides use of the apparatus of Claim 2 in a 
method for reducing fine Iron ores of wide size distribu- 
tion, as defined In Claim 13. Hereinafter, this method will 
be referred to as a three-stage reduction method. 
[001 5] Therefore, an advantage of the invention is to 
provide a fluidized-bed-type reduction apparatus arul a 
method for reducing fine iron ores using the apparatus, 
which can efficiently reduce fine iron ores of wide size 
ranges in a stably fluidized state, thereby considerably 
decreasing the elutriation of the particles, increasing the 
reduction rate and enhancing the efficiency of the re- 
ducing gas. ' 

[001 6] In accordance with this advantage, an appara- 
tus comprising seriallyarranged. multi-stage fluidized 
bed type furnaces Is invented. In this system, each re- 
actor is in tapered shape, le. the diameter of the reactor 
increases in the upper direction in order to stably fluidize 
line iron ore of wide grain size ranges. The reduction 
apparatus Includes a Himace for drying and preheating 
fine iron ore particles and, at least, one reduction fur- 
nace for reducing and dried/preheated iron ores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other aspects of the invention will become ajs- 
parent from the following description of non-limiting em- 
bodiments in connection with the accompanying draw- 
ings in which: 

Fig. 1 is a schematic diagram illustrating a conven- 
tional fluidized bed type reduction furnace for reduc- 
ing iron ores; and 

Fig. 2 is a schematic diagram illustrating a fluid bed 
type reduction apparatus for reducing fine iron ores 
in accordance with the present invention. 
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DETAiLED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] In Fig. 2, a three-stage fluidized-bed-type re- 
s duction apparatus for reducing flne Iron ores of wide size 
distribution in accordance with the present invention is 
illustrated. 

[0019] As shown in Rg. 2, the three-stage, fluidized- 
bed-type reduction apparatus 1 includes a furnace 10 

10 for drying and preheating iron ores, which are supplied 
as a raw material from a hopper 70, in a bubbling fluid- 
ization state. A flrst cyclone 40, which serves to collect 
dusty iron ores contained In exhaust gas discharged 
from the drying/preheating fumace 10, Is connected to 

IS the above-mentioned drying/preheaflng fumace 1 0. Un- 
der the drying/preheating fumace 10. a flret reduction 
fumace 20 is an-anged to receive the dried/preheated 
iron ores discharged from the drying/preheating fumace 
10. In the first reduction fumace 20, the dried/pre-heat- 

20 ed ores are pre-reduced in a bubbling fluidization state. 
A second cyclone 50 is connected to the first reduction 
fumace 20 in order to collect dusty iron ores contained 
In exhaust gas discharged from the firet reduction ftjr- 
nace 20. A second reduction furnace 30 is also arranged 

2S under the flrst reduction fumace 20. The second reduc- 
tion furnace 30 receives the pre-reduced iron ores from 
the first reduction fumace 20 and finally reduces the pre- 
heated iron ores in a bubbling fluidization state. A third 
cyclone 60 is connected to the second reduction fumace 

30 30 in order to collect dusty iron ores contained in ex- 
haust gas discharged from the second reduction fur- 
nace 30. 

[0020] The drying/preheating fumace 10 Is given in a 
tapered shape being smoothly expanded upwards. In 

3S details, the drying/preheating fumace 10 consists of an 
enlarged upper cylindrical section 101, an intermediate 
conical section 102 and a reduced lower cylindrical sec- 
tion 103. The drying/preheating fumace 10 is fitted with 
a first gas inlet 11 at the bottom portion for receiving ex- 

'*o haust gas firom the first reduction fumace 20. Between 
the conical section 102 and the reduced cylindrical sec- 
tion 103. a first diistributor 12 is installed to evenly 
tribute the exhaust gas supplied through the first gas 
inlet 11. 

■«5 [0021 ] A portion of the side wall of the conical section 
102 is fitted with a first ore inlet 18 through which iron 
ores are charged from the hopper 70 via an ore supply 
line 71 . At another portion of the side wall of conical sec- 
tion 102 opposite to the portion fitted with the first ore 

so inlet 1 8, the drying/preheating fumace 1 0 has a first ore 
outiet 13 for discharging the dried/preheated iron ores 
from the drying/preheating fumace 10 and a first dusty 
ore inlet 15 for receiving dusty iron ore particles cap- 
tured by the first cyclone 40. 

55 [0022] A first exhaust gas outlet 1 6 is provided at the 
upper portion of the enlarged cylindrical section 101. 
This first exhaust gas outlet 161s connected to Vne first 
cyclone 40 via a first exhaust gas line 17. 
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[0023] The top portion of the first cyclone 40 is fitted 
up with a first cleaned gas discharge line 42 for outward- 
ly discharging cleaned exhaust gas from the first cy- 
clone 40. To the bottom portion of the first cyclone 40, 
one end of a first dusty ore discharge line 41 is connect- 
ed. The other end of the first dusty ore discharge line 41 
is connected to the first dusty ore inlet 15 attached to 
the conical section 102 of the drying/preheating furnace 
10 so that the dusty iron ores captured by the first cy- 
clone 40 is recycled to the dryiog/preheating fumace 1 0. 
[0024] Similarly to the drying/preheating fumace 10, 
the first reduction fumace 20 is given in a tapered shape 
t>eing smoothly expanded upwards. That is. thei first re- 
duction fumace 20 consists of an enlarged upper cylin- 
drical section 201, an intermediate conical section 202 
and a reduced lower cylindrical section 203. The first 
reduction fumace 20 is also fitted with a second gas inlet 
21 at the bottom portion for receiving exhaust gas from 
the second reduction fumace 30. Between the conical 
section 202 and the reduced cylindrical section 203, a 
second distributor 22 is installed to evenly distribute the 
exhaust gas supplied through the second gas inlet 21. 
[0025] At one side wall portion of the conical section. 
202, the first reduction fumace 20 has a second ore out- 
let 23 for discharging iron orss pre-reduced in the first 
reduction fumace 20, and a second ore inlet 28 for re- 
ceiving the dried/preheated iron ore particles from the 
drying/preheating fumace 1 0. At the other side wall por- 
tion of the conical section 202, the first reduction fumace 
20 has a second dusty ore inlet 25 for receiving dusty 
iron ores captured by the second cyclone 50. 
[0026] A second exhaust gas outlet 26 is provided at 
the upper portion of the enlarged cylindrical secb'on 201 . 
This second exhaust gas ouflet 26 is connected to the 
second cyclone 50 via a second exhaust gas jine 27. 
[0027] The top portion of the second cyclone 50 is 
connected to one end of a second clearied exhaust gas 
line 52. To the bottom portion of the second cyclone 50, 
a second dusty ore discharge line 51 is connected. 
[002q The other end of the second cleaned exhaust 
gas line 52 is connected to the first gas inlet 1 1 attached 
to the txjttorn portion of the drying/preheating fumace 
10 in order to supply exhaust gas, which becomes free 
of iron ores in the second cyclone 50, to the drying/ pre- 
heating fumace 10. The other end of the second dusty 
ore discharge line 51 is connected to the second dusty 
ore iniet 25 attached to the conical section 202 of the 
first reduction fumace 20 so as that the dusty iron ores 
captured by the second cyclone 50 is recycled to the 
first reduction fumace 20. 

[0029] The second ore inlet 28 of the first reduction 
fumace 20 is connected to the first ore outlet 13 of the 
drying/ preheating fumace 10 with a first duct line 14. 
[0030] Similar to the first reduction fum'ace 20, the 
* second reduction fumace 30 is also given in a tapered 
shape being smoothly expanded upwards. That is, the 
second reduction furnace 30 consists of an enlarged up- 
per cylindrical section 301 , an intermediate conical sec- 



tion 302 and a reduced lower cylindrical section 303. 
The second reduction fumace 30 is also fitted with a 
third gas supply port 31 at the bottom portion for receiv- 
ing exhaust gas from a melter gasifier 80. Between the 

5 conical section 302 and the reduced cylindrical section 
303, a third distributor 32 is installed to evenly distribute 
the exhaust gas supplied through the third gas inlet 3 1 . 
[0031] At one side wall portion of ttie conical section 
302, the second reduction fumace 30 has a third ore 

10 inlet 38 for receiving the pre-reduced iron ores from the 
first reduction fumace 20. At the other side wall portion 
of the conical section 302, the second reduction fumace 
30 has a third dusty ore inlet 35 for receiving dusty iron 
ores captured by the third cyclone 60 and a third ore 

f 5 outlet 33 for discharging iron ores finally reduced in the 
second reduction fumace 30. 

[0032] At the upper portion of the enlarged cylindrical 
section 301 , the second reduction fumace 30 has a third 
exhaust gas outlet 36 which is connected to the third 

20 cyclone 60 via a third exhaust gas line 37. 

[0033] The top portion of the third cyclone 60 is con- 
nected to one end of a third cleaned exhaust gas line 
62. To the bottom portion of the third cyclone 60. one 
end of a third dusty ore discharge line 61 is connected. 

25 [0034] The other end ofthe third cleaned exhaust gas 
line 62 is connected to the second gas Inlet 21 provided 
at the bottom portion of the first reduction fumace 20 In 
order to supply exhaust gas, which become free of iron 
ores in the third cyclone 60, to the first reduction fumace 

30 20. The other end of the third dusty ore discharge line 
61 is connected to the third dusty ore inlet 35 provided 
at the conical section 302 of the second reduction fur- 
nace 30 so that the dusty iron ores captured by the third 
cyclone 60 is recycled to the second reduction fumace 

35 30. 

[00351 The third ore iniet 38 of the second reduction 
furnace 30 is connected to the second ore outlet 23 of 
the first reduction furnace 20 with a second duct line 24. 
[0036] The third ore outlet 33 is connected to the melt- 
40 er gasifier 80 through a third duct line 34 whereas the 
third gas inlet 31 is connected to the m&lter gasifier 80 
through an exhaust gas line 82. 

[0037] The bottom portion of the melter gasifier 80 is 
connected to a pig iron discharge line 81 for discharging 
45 pig iron produced by a smelting reduction operation in 
the melter gasifier 80. 

[0038] At the curved portion of the first duct line 14, a 
gas supply port P is installed for supplying a small 
amount of gas to the first conduit 14 in order to prevent 
so the conduit 14 from being plugged by iron ore particles 
being fed in the duct line 14. For the same purpose, an- 
other gas supply port P Is Installed at the curved portion 
of the second duct line 24. 

[0039] Although the present invention has been de- 
S5 scribed as embodying the reduction apparatus of the 
three-stage fluidized-bed-type, it may also be construct- 
ed or modified in the form of a two-stage fluidized-bed- 
type. The two-stage fluidized bed type reduction appa- 
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ratus has basically the same construction as that of the 
three-stage fluid ized bed except that it includes only one 
reduction furnace which may be eitherthe first orsecond 
reduction furnaces 20 and 30. In this case, iron ore par- 
tides dried and preheated in the drying/heating furnace 
is almost completely reduced in the single furnace. 
[0040] Preferably, the conical sections 102, 202 and 
302 of the drying/preheating furnace 10, first reduction 
fUmaca 20 and second reduction furnace 30 have a ta- 
per angle ranging from 3' to 25". 
[0041] It is also prefen^d that the conical sections 
102. 202 and 302 of the drying/preheating furnace 10, 
first reduction furnace 20 and second reduction furnace 
30 have a height 5.0 to 9.0 times as long as the inner 
diameter at each lower end. On the other hand, the erv 
larged sections 101. 201 and 301 of the drying/preheat- 
ing furnace 10, first reduction fumace 20 and second 
reduction fumace 30 preferably have a height 2.0 to 4.0 
times as long as the inner diameter at the upper end of 
each corresponding conical section. 
[0042] Now. a method for produdng reduced iron or 
molten, pig iron using the reduction apparatus of fluld- 
ized-bed-type of the present invention will be described. 
[0043] As shown in FIG. 2, iron ores contained in the 
hopper 70 are supplied to the drying/preheating fumace 
10 through the ore supply line 71 and first ore inlet 18. 
The drying/preheating fumace 10 is also supplied with 
exhaust gas from the first reduction fumace 20 through 
the second cydone 50, the second deaned exhaust gas 
line 52 and first gas inlet 11 in order. This exhaust gas 
is uniformly dispersed in the drying/preheating fumace 
10 by means of the first distributor 12. By the uniforrhly 
dispersed gas, the iron ore partides supplied in the dry- 
ing/preheating fumace 10 form a bubbling fluidized bed, 
and are dried and preheated in the fluidized bed. "nie 
dried/preheated iron ores are then fed to the first reduc- 
tion fumace 20 via the first ore outlet 13 and first duct 
line 14. 

[0044] The exhaust gas is discharged outward from 
the drying/ preheating fumace 10, in which iron ores are 
dried and preheated by the gas before being exhausted, 
via the first exhaust gas outlet 16 and first exhaust gas 
line 17, first cydone 40 and first deaned exhaust gas 
line 42 in order. Dusty iron ores contained in the exhaust 
gas are captured by the first cyclone 40 and then recy- 
ded to the drying/preheating fumace 10 via the first 
dusty ore discharge line 41 and first dusty ore inlet 15. 
[0045] The dried/preheated iron ores supplied In the 
first reduction fumace 20 are then pre-reduced while 
fomiing a bubbling fluidized bed by the exhaust gas 
which is fed to the flrst reduction fumace 20 via the third 
cydone 60. third deaned exhaust gas line 62. second 
gas inlet 21 and second distributor 22 in order. The pre- 
reduced iron ores are fed to the second reduction fur- 
nace 30 via the second ore outlet 23 and second duct 
line 24. 

[0046] in the first reduction fijmace 20. the exhaust 
gas from the second reduction fumace 30 is used for 



the prereduction of the iron ores and then discharged 
from the first reduction fumace 20 via the second ex- 
haust gas outlet 26 and second exhaust gas line 27, sec- 
ond cydone 50 and second deaned exhaust gas line 

5 52 in order and then introduced into the drying/preheat- 
ing fumace 10. Dusty iron ores-contained in the exhaust 
gas are captured by the second cydone 50 and then 
recyded to the first reduction fumace 20 via the second 
dusty ore discharge line 51 and second dusty ore intet 

10 25. 

[0047] Meanwhile, the pre-reduced iron ores supplied 
in the second reduction fumace 30 are finally reduced 
while forming a bubbling fiuidized bed by the exhaust 
gas which is generated from the melter gasifier 60 and 
15 supplied to the second reduction fumace 30 via the ex- 
haust gas line 82, third gas inlet 31 and third distributor 
32. The finally reduced iron ores are fed to the melter 
gasifier 80 via the third ore outlet 33 and third duct line 
34. 

20 [0048] The exhaust gas generated ft-om the melter 
gasifier 80 is at first used for the final reduction of iron 
ore in the second reduction fumace and then is intro- 
duced into the first reduction fumace 20 after being dis- 
charged through the third exhaust gas discharge port 

25 36 and third exhaust gas line 37, third cydone 60 and 
third deaned exhaust gas line 6. Dusty iron ores con- 
tained in the exhaust gas are captured by the third cy- 
done 60 and then recyded to the second reducHon fur- 
nace 30 via the third dusty ore discharge line 61 and 

30 third dusty ore inlet 35. 

[0049] The iron ore partides charged into the melter 
gasifier 80 is melted, thereby produdng molten pig iron 
(hot rnetal). 

[0050] On the other hand, it is prefened that the gas 
35 velocity at free traard zone in each of the drying/ pre- 
heating fumace 10, first reduction fumace 20 and sec- 
ond reduction fumace 30 is Icept within 1.0 to 3.0 times 
the minimum gas velocity required for fluidizing Iron ore 
partides of the mean grain size staying in the relevant 
*o fumace. 

[0051] For the drying/preheaflng fumace 10, first re- 
duction furnace 20 and sedbhd reduction fumace 30, ttie 
pressure drop in the fumace preferably ranges from 0.3 
to 0.8 atm. and the temperature drop in the fumace pref- 
45 erably ranges from 30 to 80°C. It Is also preferred that 
the pressure and temperature of gas supplied to the sec- 
ond reduction fumace 30 range from 2 to 4 atm. and 800 
to gOO-C, respectively. 

[0052] Preferably, the residence time of iron ore par- 
se tides in each fumace is 20 to 40 minutes. 

[0053] Although the method of the present invention 
has been described for redudng fine iron ores by use of 
the three-stage fluidized bed type reduction apparatus, 
it may be also used In a two-stage fluidized-bed-type 
ss reduction apparatus for the reduction of fine iron ores. 
As mentioned above, the two-stage fiuidized-bed-type 
reduction apparatus has basically the same construc- 
tion as that of the three-stage fiuidized bed except that 
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it includes only one reduction furnace. In the case using 
tine two-stage fluidized-bed-type reduction apparatus, 
iron ores dried and preheated in the drying/heating fur- 
nace are almost connpletely reduced in the single fur- 
nace. 

[0054] In this case, it is preferred that the gas velocity 
in free board zone of either the dryirig/preheating fur- 
nace or single reduction furnace is kept within 1 .0 tp 3.0 
times the minimum gas velocity required for fluidizing 
iron ore particles of the mean grain size staying in the. 
relevant fumace. 

[OOSq For either the drying/preheating fumace or the 
single reduction fumace.'the pressure drop occum'ng in 
the fumace preferably ranges from 0.3 to 0.6 atm. and 
the temperature drop occurring in the fumace preferably 
ranges firom 30 to 80oC. It is also preferred that the pres- 
sure and temperature of gas supplied to the reduction 
furnace range firom 2 to 4 atm. and 800 to 900°C, re- 
spectively. 

[0056] It is also preferred that the residence time of 
iron ore particles in each fumace be 30 to 50 minutes. 
[0057] As apparent from the above description, each 
fumace employed in accordance with the present Inven- 
tion is given in tapered shape. i.e., the diameter of the 
fumace increases in the upper direction so as to stably 
fluidize iron ore particles of wide grain size ranges. Witti 
such a shape, it is possible not only to ensure the fluid- 
ization of coarse iron ore particles, but also to more sta- 
bly fluidize fine iron ore particles, thereby achieving an 
efficient reduction of fine iron ores. In accordance with 
the present invention, the reduction of fine iron ores is 
achieved in multiple stages, for example, three stages 
comprising the drying/preheating, first reduction and 
second reduction stages all having different operations. 
In accordance with the present invention, exhaust gas 
generated from each fumace is efficiently used, thereby 
reducing the fuel consumption. 
[0058] The reason why the reduction of fine iron ores 
is efficiently carried out by virtue of the fumace construc- 
tion according to the present invention will now be de- 
scribed in more detail. Since the cross-sectional area of 
the fumace of the present Invention gradually increases 
toward the upper end of the fumace, the gas velocity in 
the fumace gradually decreases toward the upper end 
of the furnace. Accordingly, coarse iron ore particles 
mostly distributed near the distributor installed at the 
lower part of the furnace can be well fluidized at a high 
gas velocity. On the other hand, fine iron ore particles 
mostly distributed at the upper part of tiie fumace can 
be appropriately fluidized at rriedium/low gas velocity 
while being suppressed not to be elutriated. According- 
ly, tlie residence time of Iron ore particles in the fumace 
can be kept constant irrespective of the grain size. 
Therefore, iron ores of wide grain size ranges can be 
efficiently reduced while maintaining a stably fluidized 
state. The reduction apparatus of the present invention 
comprises serially-arranged, multi-stage fluidized bed 
type furnaces, namely, the drying/preheating fumace for 



drying and preheating fine iron ores, the first rjeduction 
fumace for pre-reducing the dried/preheated fine iron 
ores, and the second reduction fumace for finally reduc- 
ing the pre-reduced iron ore particles. In this apparatus, 
s exhaust gas generated from each fumace is used as a 
reducing gas for the preceding reduction stage, thereby 
increasing the utilization degree of the reducing gas. 
Therefore, the apparatus and method of the present in- 
vention provide an economical efficiency of great Inter- 
to est 

[0059] The present invention will be understood more 
readily with reference to the following example; however 
this example is only intended to illustrate the Invention 
and is not to be construed to limit the scope of the 
*5 present invention. 

Example 

[0060] A fluidized bed type reduction apparatus hav- 
20 ing the construction as shown in FIG. 2 was prepared. 
This fluidized bed type reduction apparatus had tiie fol- 
lowing dimension: 

1> Inner Diameter and Height of Each Huidlzed Bed 

25 

[0061] TVpe Fumace (Drying^reheating Fumace, 
First Reduction Fumace and Second Reduction Fur- 
nace) 

30 - Inner Diameter of Conical Section at Lower End : 

0.3 m; 

Height of Conical Section : 1 .9 m; 

Inner Diameter of Conical Section at Upper End: : 

0.7 m; 

35 - Height of Each Cylindrical Section : 2.0 m; and 
- Taper Angle of Conical Section: 6° 

[0062] Fine iron ores were then charged into the dry- 
ing/preheating fumace 10 of the fluidized bed type re- 

40 ductlon apparatus made as mentioned at>ove, and at the 
same time a reducing gas was also supplied to the sec- 
ond reducing fumace 30 through the third gas inlet 31 
and third gas distributor 32 both installed at the second 
reducing fumace 30. 

45 [0063] The fine iron ores were dried and preheated 
while forming a bubbling fluidized bed by the reducing 
gas. After being dried and preheated, the iron ores were 
fed to the first reduction fumace 20, in which they were, 
in turn, pre-reduced. After being pre-reduced, the iron 

50 ores were fed to the second reduction fomace 30 and 
then finally reduced. The iron ores from the second re- 
duction fumace 30 were then fed to the melter gasifier 
80. in the melter gasifier, the iron ores were melted. The 
following conditions were used in the above process: 
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■ 2) Charge and Discharqe of Iron Ore Particles 
[0064] 

Composition of Rne Iron Ores T.Fe: 62.36%, Si02: 
5.65%, AI2O3: 2.91%, S: 0.007%, and P: 0.065%; 

- Partide Size Range - 0.25 mm = 22%, 0.25 mm - 
1 .0 mm - 28%, and 1 .0 mm - 5.0 mm = 50%; 
Feed Rate 20 Kg/min 

Discharge Rate from Third Ore Discharge Port 14.3 
• Kg/min 

3) Reducing Gas 
[0065] 

- Composition : CO: 65%, Hj: 25%, and CO2 + H2O: 
10%; 

Temperature : about SSO'C; and 
Pressure : 3.3 Kgf/cm2 

4) Gas Velocity in Each Fumace (Drying/Preheating 
Furnace, First Reduction Fumace and Second 
Reduction Fumace) 



Gas Velocity at Lower End of Conical Section : 1 .5 
m/s; and 

Gas Velocity at Upper End of Conical Section : 0.27 
m/s 

[0067] After 60 minutes from the beginning of the re- 
duction, the discharge of reduced iron started. In this 
test, the average utilization degree of the gas was about 
25% whereas the average reduction degree was 87%. 
The loss of iron ores caused by the elutriation of dusty 
iron ores was 0.5%. From this result, H can be concluded 
that the present invention greatly reduces the loss of iron 
ores compared to the conventional cylindrical fluidized 
bed of which usual loss of Iron ores ranges from 8 to 
10%. 

[0068] As apparent from the above description, the 
present invention, a fluidized-bed-type reduction appa- 
ratus and a method for reducing iron ore particles using 
the apparatus, is capable of suppressing the elutriation 
of dusty iron ores in reduction furnaces, thereby reduc- 
ing the loss of iron ores as well as increasing the reduc- 
tion degree. In Accordance with the present invention, 
the reduction apparatus comprises three fluidized-bed- 
type furnaces, thereby increasing the utilization degree 
of exhaust gas and reducing fuel consumption. 
[0069] Although the preferred embodiments of the in- 
vention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various mod- 
ifications, additions and substitutions are possible. For 
example, although the present invention has been de- 
scribed in conjunction with the two- or three-stage fluid- 



ized bed type reduction apparatus and reduction metti- 
od using this apparatus, it may be applied to reduction 
apparatus and method capable of reducing iron ore par- 
ticles in at least four fluidization stages. 



1 . A fluidized bed type reduction apparatus ( 1 ) for re- 
ducing iron ore particles, comprising: 

a fluldized-bed drying/preheating fumace (10) 
for drying and preheating fine iron ores supplied 
from a hopper (70), a fluidized-bed reduction 
fumace (20) for finally reducing the fine iron 
ores dried and preheated in the drying/preheat- 
ing fumace (10), a first cyclone (40) for captur- 
ing dusty Iran ores contained in an exhaust gas 
discharged from the drying/preheating fumace 
(10) and recycling the captured dusty iron ores 
to the drying/preheating ftimace (10) while out- 
wardly discharging cleaned exhaust gas, free 
of the dusty iron ores; and 
a second cyclone (50) for capturing dusty iron 
ores contained in an exhaust gas discharged 
from the reduction furnace (20) and recycling 
the captured dusty iron ores to the reduction 
fumacf (20) while supplying cleaned extiaust 
gas, ft-ee of the dusty iron ores, to the drying/ 
preheating fumace (10), 
the drying/preheating fumace (10) including a 
first enlarged upper cylindrical section (101), a 
first intemiediate conical section (102) and a 
first reduced lower cylindrical section (1 03), the 
first intermediate conical section (102) having 
a tapered shape being srnoothly expanded in 
an upward direction, the drying/preheating fur- 
nace (10) further including a first gas inlet (11) 
provided at a bottom portion of the first reduced 
cylindrical section (103). a first distributor (12) 
installed at an upper portion of the first reduced 
cylindrical seaioh (103); S first ore inlet (18) 
provided at one side wall portion of the first con- 
ical section (102), a first ore outlet (13) provided 
at the other side wall portion of the first conical 
section (102), a first dusty ore inlet (15) provid- 
ed at the other side wall portion of the first con- 
ical section, and a first exhaust gas outlet (16) 
provided at an upper portion of the first en- 
larged cylindrical section (101); 
the reduction fumace including a second en- 
larged upper cylindrical section (201), a second 
intermediate conical section (202) and a sec- 
ond reduced lower cylindrical section (203), the 
second intermediate conical section having a 
tapered shape being smoothly expanded in an 
upward direction, the reduction fumace further 
including a second gas inlet (21) provided at a 
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bottom portion of the second reduced cylindri- 
cal section, a second distributor (22) installed 
at an upper portion of the second reduced cy- 
lindrical section, a second ore inlet (28) provid- 
ed at pne side wall portion of the second conical 5 
section, a second ore outlet (23) provided at 
one side wall portion of the second conical sec- 
tion, a second dusty ore inlet (25) provided at 
another side wall portion of.the second conical 
section, and a second exhaust gas outlet (26) io 
provided at an upper portion of the second en- 
larged cylindrical section; 
the first cyclone being connected to the first out- 
let via a first exhaust gas line (17), being con- 
nected to the first dusty ore inlet via a first dusty '5 
ore discharge line (41), and being connected at 
a top portion thereof to a first cleaned exhaust 
gas line (42) open to the atmosphere; 
the second cyclone (50) being connected to the 
second exhaust gas outlet via a second ex- 20 
haust gas discharge line (27), being connected 
to the second dusty ore inlet via a second dusty 
ore discharge line (51). and being connected to 
the first gas Inlet via a second cleaned exhaust 
gas line (52); M 
. a first duct line (14) for connecting the first ore 
outlet (13) and the second ore inlet (28) so that 
the iron ore particles are fed therethrough; 
a second duct line (24) for connecting the sec- 
ond ore outlet (23) to a melter gasifier (80) so 30 
that the iron ore particles are fed to the melter 
gasifier therethrough; and 
an exhaust gas line for connecting the second 
gas inlet to the nwlter gasifier (80). 

35 

2. A fluidized-t)ed-type reduction apparatus ( 1} for re- 
ducing iron ore particles, comprising: 

a fluidized-bed drying/preheating fiimace (10) 
for drying and preheating fine iron ores supplied ^ 
frorfi a hopper (70); a first fiuldized-bed reduc- 
tion fumace (20) for pre-reducing the fine iron 
ores dried and preheated in the drying/preheat- 
ing fumace (10), a second fluidized-bed reduc- 
tion fumace (30) for finally reducing the fine iron 45 
ores pre-reduced in the first reduction fumace, 
a first cyclone (40) for capturing dusty iron ores 
contained in an exhaust gas discharged from 
the drying/preheating furnace (10) and recy- 
cling the captured dusty iron ore particles to the SO 
drying/preheating fumace (10) while outwardly 
discharging cleaned exhaust gas, free of the 
dusty iron ore particles; 
a second cyclone (50) for capturing dusfy iron 
ores contained in an exhaust gas discharged, ss 
from the first reduction fumace (20) and recy- 
cling the captured dusty iron ores to the first re- 
duction fumace (20) while supplying cleaned 
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exhaust gas. free of the dusty iron ores, to the 
drying/preheating fumace (10), a third cyclone 
(60)' for capturing dusty iron ores contained in 
an exhaust gas discharged from the second re- 
duction fumace (30) and recycling the captured 
dusty iron ores to the second reduction fumace 
(30) while supplying dean exhaust gas, free of 
the dusty'iron ores, to the first reduction fumace 
(20), 

the drying/preheating fumace (10) including a 
first enlarged upper cylindrical section (101), a 
first intermediate conical section (102) and a 
first reduced lower cylindrical section (1 03), the 
first intermediate conical section (102) having 
a tapered shape being smoothly expanded in 
an upward direction, the drying/preheating fur- 
nace (10) further Including a first gas inlet (11) 
provided at a bottom portion of the first reduced 
cylindrical secUon (103). a first distributor (12) 
installed at an upper portion of the first reduced 
cylindrical section (103), a first ore inlet (18) 
provided at one side wall portion ofthe first con- 
ical section (102) , a first ore outlet (13) provid- 
ed at another side wall portion of the first coni- 
cal section (102). a first dusty ore inlet (15) pro- 
vided at the other side wall portion of the first 
conical section (102). and a first exhaust gas 
outlet (16) provided at an upper portion ofthe 
first enlarged cylindrical section (101); 
the first reduction fumace (20) including a sec- 
ond enlarged upper cylindrical section (201). a 
second intermediate conical section (202) and 
a second reduced lower cylindrical section 
(203). the second intennedlate conical section 
(202) having a tapered shape being smoothly 
expanded In an upward direction, the first re- 
duction fumace (20) further including a second 
gas Inlet (21) provided at a bottom porfion of 
the second reduced cylindrical section (203). a 
second distributor (22) installed at an upper 
portion of the second reduced cylindrical sec- 
tion (203), a second ore Inlet (28) provided at 
one side wall portion ofthe second conical sec- 
tion (202), a second ore outlet (23) provided at 
one side wall portion ofthe second conical sec- 
tion (202), a second dusty ore inlet (25) provid- 
ed at the other side wall portion of the second 
conical section (202); and a second exhaust 
gas discharge port (26) provided at an upper 
portion ofthe second enlarged cylindrical sec- 
tion (201); 

the second reduction fumace (30) including a 
third enlarged upper cylindrical section (301), a 
third intemiediate conical section (302) and a 
third reduced lower cylindrical section (303), 
the third intermediate conical section (302) hav- 
ing a tapered shape being smoothly expanded 
in an upward direction, the second reduction 
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furnace (30) further including a third gas inlet ■ 
(31) provided at a bottom portion of the third 
reduced cylindrical section (303). a third disMt>- 
utor (32) installed at an upper portion of the 
third reduced cylindrical section (303), a third s 
ore inlet (38) provided at one side wall portion 
of the third conical section (302), a third ore out- 
let (33) provided at another side wall portion of 
the third conical section (302), a third dusty ore 
. inlet (35) provided at a side wall portion of the io 
third conical section (302), a third dusty ore out- 
let (36) provided at another side wall portion of 
the third conical section, and a third exhaust 
gas discharge port (36) provided at an upper 
portion of the third enlarged cylindrical section is 
(301); 

the first cyclone (40) being connected to the 
first exhaust gas outlet (16) via a first exhaust 
gas discharge line (17), being connected to the 
first dusty ore inlet via a first dusty ore dis- 20 
charge line (41), and being connected at a top 
portion thereof to a first cleaned exhaust gas 
line (42) open to the atmosphere; 
the second cyclone (50) being connected to the 
second exhaust gas outlet (26) via a second 25 
cleaned exhaust gas line (27), being connected 
to the second dusty ore inlet (25) via a second 
dusty ore discharge line (51), and connected to 
the first gas inlet (11) via a second cleaned ex- 
haust gas line (52); 30 
the third cyclone (60) being connected to the 
third exhaust gas outlet (36) via a third exhaust 
gas line (37), being connected to the third dusty 
ore inlet (35) via a third dusty ore discharge line 

(61) , and being connected to the second gas 3S 
inlet (21) via a third cleaned exhaust gas line 

(62) : 

a first duct line (14) for connecting the first ore 
outlet (13) and the second ore inlet (28) so that 
the Iron ore particles are fed therethrough; 40 
a second duct line (24) for connecting the sec- 
ond ore outlet (23) and the third ore inlet (38) 
so that the iron ore particles are fed there- 
through; 

a third duct line (34) for connecting the third ore 45 
outlet (33) to a melter gasifier (80); and 
an exhaust gas line (82) for connecting the third 
gas inlet (31) to the melter gasifier (80). 

3. The fluidized-bed-type reduction apparatus in ac- 
cordance with Claim 1 or Claim 2, wherein each of 
the conical sections (102,202,302) has a taper an- 
gle in the range from 3° to 25°. 

4. The fluidlzed-bed-type reduction apparatus in ac- 
■ cordance with any preceding claim, wherein the first 

and second duct lines (14,24) are provided at their 
bent portions with gas supply ports (P) for supplying 



a small amount of gas to each corresponding duct 
line. 

5. The fluidized-bed-type reduction apparatus in ac- 
cordance with any preceding claim, wherein each 
of the conical sections (102,202,302) has a height 
5.0 to 9.0 times as long as the inner diameter at the 
lower end thereof, and each of the enlarged cylirv- 
drical sections (101,201.301) has a height 2.0 to 4.0 
times as long as the inner diameter of each corre- 
sponding conical section at the upper end thereof. 

6. The fluidized bed type reduction apparatus in ac- 
cordance with Claim 1, further comprising at least 
one reduction furnace including an enlarged upper 
cylindrical section, an intermediate conical section 
and a reduced lower cylindrical section, the inter- 
mediate conical section having a tapered shape be- 
ing smoothly expanded upwards. 

7. Use of an apparatus, according to Claim 1 . for re- 
ducing fine iron ores; the use comprising the steps 
of: 

drying/preheating the fine iron ores in the said 
fluidized-bed-type drying/preheating furnace and fi- 
nally reducing the dried/preheated iron ores in the 
said fluidized-bed-type reduction fiimace. 

characterized in that 

the fine Iron ores are dried and preheated in a 
bubbling fluidization state in the fluidized-bed- 
type drying/preheating fumace ; and 
the dried/preheated fine iron ores are reduced 
in a bubbling fluidization state in the fluidized- 
bed-type reduction furnace 

8. Use in accordance vMi Claim 7. wherein the gas 
velocity at free txjard zone of either the drying/pre- 
heating fumace (10) or reduction fumace (20;30) is 
kept within 1.0 to 3.0 times the minimum gas veloc- 
ity required for fluidizing Iron ore particles of the 
mean grain size staying In the relevant fumace. 

9. Use in accordance with Claim 7 or 8, wherein the 
pressure of gas supplied to the or each reduction 
fumace (20;30) ranges from 2 to 4 atm., and the 
pressure drop occurring In either the drying/pre- 
heating fumace (10) or the or each reduction fur- 
nace (20;30) ranges from 0.3 to 0.6 atm. 

10. Use in accordance with any of Claims 8 to 10. 
wherein the temperature of gas supplied to the or 
each reduction fumace (20,30) ranges from 800 to 
gOO'C, and the temperature drop occurring in either 
the drying/preheating fumace (10) or the or each 
reduction fumace (20,30) ranges from 30 to 80°C. 

11. Use in accordance with Claim 7 or 8, wherein the 
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residence time of iron ore particles in either the dry- 
ing/preheating furnace (10) or the or each reduction 
furnace (20;30) ranges fronn 30 to 50 minutes. 

1Z Use in accordance with Claim 9 or Claim 10. where- 
in the residence time of Iron ore particles in either 
the drying/preheating fumace (10) or the or each 
reduction fumace (20,30) ranges firom 30 to 50 mliv 
utes. 

13. Use of an apparatus, according to Claim 2, for re- 
ducing iron ore particles, the use comprising the 
steps of: 

drying and preheating the iron ore particles in 
the said fluldlzed-bed-type drying/preheatihg fur- 
nace, pre-reducing the dried/preheated fine iron 
ores in the said first fluidized^ed-type reduction fur- 
nace and finally reducing the prereduced fine iron 
ores in the said second fluidized-bed-type reduction 



characterized in that 

the fine iron ores are dried and preheated in a 
bubbling fluidization state in the fluidized-bed- 
type drying/preheating fumace; 
the dried/preheated fine iron ores are pre-re- 
duced in a bubbling fluidization state in the first 
fluidized-bed-type reduction fumace ; and 
the pre-reduced fine iron ores are finally re- 
duced in a bubbling fluidization state in the sec- 
ond fluidized-bed-type reduction fumace 

14. Use in accordance with Claim 13, wherein the gas 
velocity at free board zone in each of the drying/ 
preheating fumace (10), first reduction fumace (20) 
and second reduction fumace (30) is Icept within 1 .0 
to 3.0 times the minimum gas velocity required for 
fluidizing iron ore particles of the mean grain size 
staying in the associated fumace. 

1 5. Use in accordance with Claim 13 or 14, wherein the 
pressure of gas supplied to the second reduction 
fumace (30) ranges from 2 to 4 atm., and the pres- 
sure drop occurring in the drying/preheating fur- 
nace (10), the first reduction fumace (20), or the 
second reduction fumace (30) ranges from 0.3 to 
0.6 atm. 

16. Use in accordance with any of Claims 13 to 15, 
wherein the temperature of gas supplied to the sec- 
ond reduction fumace (30) ranges from 800 to 
SOCC, and the temperature drop occurring in each 
of the drying/preheating fumace (10), the first re- 
duction fiimace (20) and second reduction fumace 
(30) ranges from 30 to SO^C. 

17. Use in accordance with any of Claims 13 to 16, 
wherein the residence time of iron ore particles in 



each of the drying/preheating fumace (10), first re- 
duction fumace (20) and second reduction fumace 
(30) ranges from 20 to 40 minutes. 



PatentansprOche 

1. Wirbelschichtreduktionsvorrichtung (1) zur Reduk- 
tion von Eisenerzpartikein mit 

. - einem Wirtielschicht-TrockenWonwarmofen 
(10) zum Trocknen und Vonwamhen feiner Ei- 
senerze, die aus einem Trichter (70) zugefOhrt 
werden. einem Wirt>elschichtreduktionsofen 
(20) zum abschlieCenden Reduzieren der fei- 
nen Elsenerze, die In dem Trocken-/Vor- 
warmofen (10) getrocknet und vorgewarmt 
wurden, einem ersten Zykion (40) zum Aufbrv 
gen von Eisenerzstaub, der in einem Abgas 
enthalten ist, welches aus dem Trocken-/Vor- 
wannofen (10) abgelassen wird, und zum er- 
neuten ZufOhren des au^efangenen Eisenerz- 
staubes an den Trocken-ZVorwarmofen (10), 
wobei das gereinigte Abgas, das finei von Eisen- 
erzstaub ist, nach drau&en abgelassen wird, 
und 

- einem zwelten Zyidon (50) zum Auffangen von 
Eisenerzstaub, der in einem Abgas enthalten 
ist, welches aus dem Reduktionsofen (20) ab- 
gelassen virfrd, und zum emeuten ZufOhren des 
au^efangenen Eisenerzstaubes an den Re- 
duktionsofen (20), wobei das gereinigte Abgas, 
das frel von Eisenerzstaub 1st, dem Trokken-/ 
Vor*warmofen (10) zugefOhrt wird, 

- wobei der Trocken-A/orw3rmofen (10) ein er- 
stes vergrdOertes zylindrisches oberes Tell- 
stQck (101), ein erstes konlsches mittleres Teil- 
stQck (102) und ein erstes vertdeinertes zylin- 
drisches unteres TenstQck (103) umfasst, wo- 
bei das erste konlsche mittlere TeiistOck (102) 
eine sich veijOngende Gestalt hat, die sich 
gleichmaliig nach oben erweitert, und wobei 
der Trocken-ZVorwarmofen (10) femer einen 
ersten Gaseinlass (11), der an einem unteren 
Abschnitt des ersten verkleinerten zylindri- 
schen Teilstuckes (103) bereitgestellt ist, einen 
ersten Verteiler (12), der an einem oberen Ab- 
schnitt des ersten verkleinerten zylindrischen 
Teilstuckes (103) angebracht Ist, einen ersten 
Erzeinlass (18), der an einem Seitenwandab- 
schnitt des ersten konlschen Teilstuckes (102) 
bereitgestellt Ist, einen ereten Erzauslass (13), 
der an dem anderen Seitenwandabschnitt des 
ersten konischen Teilstuckes (102) bereitge- 
stellt ist, einen ersten Erzstaubeinlass (15), der 
an dem anderen Seitenwandabschnitt des er- 
sten konischen Teilstuckes bereitgestellt ist, 
und einen ersten Abgasauslass (16) umfasst, 
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der an einem oberen Abschnitt des ersten ver- 
gro&erten zytindrischen Teilstuckes (101) be- 
reitgestellt ist. 

wobei der Reduktionsofen ein zwettes vergrd- 
Kertes zylindrisches oberes Teilstuck (201), ei- 
nen zweites konisches mittleres Teilstuck (202) 
und ein zweites verkieinertes zylindrisches un- 
teres TeilstOck (203) umfasst, wobei das zweite 
konische n^ere Teilstuck eine sich veijQngen- 
de Gestalt hat. die sich gleichmaSig nach oben 
erweitert. und wobei der Reduktionsofen femer 
einen zweiten Gaseinlass (21). der an einem 
unteren Abschnitt des zweiten verkieinerten zy- 
lindrischen Telistukkes bereitgestellt ist, einen 
zweiten Verteiler (22). der an einem oberen Al>- 
schnitt des zweiten verkieinerten zylindrischen 
Teilstuckes angebracht ist, einen zweiten Erz- 
einlass (28). der an einem Sertenwandab- 
schnitt des zweiten konischen Teilstuckes be- 
reitgestellt ist. einen zweiten Erzaustass (23), 
der an einem Seitenwandabschnitt des zweiten 
konischen Teilstuckes bereitgestellt ist. einen 
zweiten Erzstaubeinlass (25). der an einem an- 
deren Seitenwandat>schnitt des zweiten koni- 
schen TellstQckes bereitgestellt ist. und einen 
zweiten Abgasauslass (26) umfasst. der an ei- 
nem oberen Abschnitt des zweiten vergrdOer- 
ten zylindrischen TeilstQckes bereitgestellt ist. 

- wobei der ersteZyklonmitdem ersten Auslass 
Ober eine erste Abgasleitung (17). mit dem er- 
sten Erzstaubeinlass Ober eine erste Erzstaub- 
ablassleitung (41) und an einem oberen At>- 
schnitt desselben mit einer ersten Leitung fur 
gereinigtes Abgas (42), die in die Atmosphere 
mUndet. verbunden ist, 

• wobei der zweite Zyklon (50) mit dem zweiten 
Abgasauslass Qber eine zweite Abgasabias- 
sleitung (27), mit dem zweiten Erzstaubeinlass 
Qber eine zweite Erzstaubablassleitung (51) 
und mit dem ersten Gaseinlass Qber eine zwei- . 
te Leitung fur gereinigtes Abgas (52) veriaun- 
den ist, 

- einer ersten Rohrieitung (14) zur Verbindung 
des ersten Erzauslasses (13) mit dem zweiten 
Erzeiniass (28), so dass die Eisenerzpartikel 
durch sie hindurchgefuhrt werden konnen, 
einer zweiten Rohrieitung (24) zur VeriSindung 
des zweiten Erzauslasses (23) mit einem 
Schmelzvergaser (80), so dass die Eisenerzp- 
artikel durch sie dem Schmelzvergaser zuge- 
fuhrl werden konnen, und 

einer Abgasieitungzur Verbindung deszweiten 
Gaseinlasses mit dem Schmelzvergaser (80). 

Wirbelschichtreduktionsvom'chtung (1) zur Reduk- 
tion von Eisenerzpartikein mit: 

einem Wirbelschicht-Trocken-A/orwarrnofen 



(10) zum Trocknen und Vorwarmen feiner Ei- 
senerze, die aus einem Trichter (70) zugefuhrt 
werden, einem ersten Wirbelschichtredukti- 
onsofen (20) zum Vorreduzieren der feinen Ei- 
senerze, die in dem Trocken-/ Vorwarmofen 
(10) getrocknet und vorgewarmt wurden, ei- 
nem zweiten Wirt>elschichtreduktionsofen (30) 
zum abschlieOenden Reduzieren der feinen Ei- 
senerze, die in dem ersten Reduktionsofen vor- 
reduziert wurden, einem ersten Zyklpn (40) 
zum Auffangen von Eisenerzstaub, der in ei- 
nem Abgas enthalten ist, welches aus dem 
TrockerWVorwamiofen (10) abgelassen wird, 
und zum emeuten Zufuhren der aufgefange- 
nen Eisenerzstaubpartikel an den Trocken-/ 
Vonwarmofen (10), wobei das gereintgte At>- 
gas, das frei von Eisenerzstaubpartikein ist, 
nach drauQen at>gelassen wird, und 
einem zweiten Zyklon (50) zum Auffangen von 
Eisenerzstaub, der in einem Abgas enthalten 
ist, welches aus dem ersten Reduktionsofen 
(20) abgelassen wird, und zum emeuten Zufuh- 
ren des aufgefangenen Eisenerz5taut>es an 
den ersten Reduktionsofen (20), wobei das ge- 
reinigte Abgas. das frei von Eisenerzstaub ist, 
dem TrockenWorwarnwfen (10) zugefQhrt 
wird. einem dritten ^kkin (60) zum Auffangen 
von Eisenerzstaub. der in einem Abgas enthal- 
ten ist. welches aus dem zweiten Reduktions- 
ofen (30) abgelassen wird. und zum emeuten 
Zufuhren des aufgefangenen Eisenerzstaubes 
an den zweiten Reduktionsofen (30). wobei das 
gereinigte Abgas, das frei von Eisenerzstaub 
ist, dem ersten Reduktionsofen (20) zugefuhrt 
wird. 

. wobei der Trocken-ZVorwarmofen (10) ein er- 
stes vergroliertes zylindrisches oberes Teil- 
stuck (101), ein erstes konisches mittleres Teil- 
stuck (102) und ein erstes verideinertes zylin- 
drisches unteres TeilstOck (103) umfesst, wo- 
bei das erete konische mittlere TeilstOck (102) 
eine sich verjOngehde Gestelt hat, die sich 
gleichmaliig nach oben erweitert, und wobei 
der Trocken-ZVorwarmofen (10) femer einen 
ersten Gaseinlass (11), der an einem unteren 
Abschnitt des ersten verkieinerten zylindri- 
schen Teilstuckes (103) bereitgestellt ist, einen 
ersten Verteiler (12), der an einem oberen Ab- 
schnitt des ersten verkieinerten zylindrischen 
Teilstuckes (103) angebracht ist, einen ersten 
Erzeiniass (18), der an einem Seitenwandab- 
schnitt des ersten konischen Teilstuckes (102) 
tiereitgestellt ist. einen ersten Erzauslass (13), 
der an einem anderen Seitenwandabschnitt 
des ersten konischen Teilstuckes (102) bereit- 
gestellt ist, einen ersten Erzstaubeinlass (15), 
der an dem anderen Seitenwandabschnitt des 
ersten konischen TeilstQckes (102) bereitge- 
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stellt ist, und einen ersten Abgasauslass (16) 
umfasst, der an einem oberen Abschnitt des er- 
sten vergroCerten zylindrischen Teilstuckes 
(101) bereitgestellt ist, 

wobei der erste Reduktionsofen (20) ein zwei- s 
tes vergro&ertes zylindrisches oberes TeilstOck . 

(201 ) , ein zwe'rtes konisches mitUeres TeilstOck 

(202) und ein zweites verkleinertes zylindri- 
sches unteres Teilstuck (203) umfesst, wobei 
das zwelte konische mittlere TeilstOck (202) el- io 
ne sich veijQngende Gestalt hat. die sich 
gleichmaiSig nach oben erweitert. und wobei 
der erste Reduktionsofen (20) femer einen 
zweiten Gaseinlass (21), der an eInem unteren 
Abschnitt des zweiten verkieinerten zylindri- ^5 
schen Teilstuckes (203) bereitgestellt ist, einen 
zweiten Verteiler (22), der an einem oberen Ab- 
schnitt des zweiten verkieinerten zylindrischen 
Teilstuckes (203) angebracht ist, einen zweiten 
Erzeinlass (28), der an einem Settenwandab- 20 
schnitt des zweiten konischen Teilstuckes 
(202) bereitgestellt ist, einen zweiten Eizaus- 
lass (23), der an einem Seitenwandabschnitt 
des zweiten konischen TeilstOckes (202) bereit- 
gestellt ist, einen zweiten Erzstaubelnlass (25), ^ 
der an dem anderen Seitenwandabschnitt des 
zweiten konischen Teilstuckes (202) bereitge- 
stellt ist, und eine zweite At>ga8ablassdffnung 
(26) umfasst, die an einem oberen Abschnitt 
des zweiten vergroOerten zylindrischen Teil- 30 
stukkes (201) bereitgestellt ist, 

wobei der zweite Reduktionsofen (30) ein drit- 
tes vergroHertes zylindrisches oberes TeilstOck 

(301) , ein drittes konisches mittleres TeilstOck 

(302) und ein drittes verideinertes zylindrisches 3s 
unteres TeilstOck (303) umfosst, wobei das drit- 

te konische mittlere TeilstOck (302) eine sich 
verjOngende Gestalt hat, die sich gleichmaOlg 
nach oben erweitert, und wobei der zweite Re- 3. 
duktionsofen (30) femer einen dritten Gasein- 40 
lass (31), der an einem unteren Abschnitt des 
dritten verkieinerten zylindrischen Teilstuckes 

(303) bereitgestellt ist, einen dritten Verteiler 

(32), der an einem oberen Abschnitt des dritten 4. 
verideinerten zylindrischen Teilstuckes (303) is 
angebracht ist, einen dritten Erzeinlass (38), 
der an einem Seitenwandabschnitt des dritten 
konischen Teilstuckes (302) bereitgestellt ist, 
einen dritten Erzauslass (33), der an einem an- 
deren Seitenwandabschnitt des dritten koni- so 
schen TeilstOckes (302) bereitgestellt ist, einen 5. 
dritten Erzstaubelnlass (35). der an einem Sei- 
tenwandatjschnitt des dritten konischen Ab- 
schnitts (302) bereitgestellt ist, einen dritten 
Erzstaubauslass (36), der an einem anderen ss 
Seitenwandabschnitt des dritten konischen 
Teilstuckes bereitgestellt Ist, und eine dritte Ab- 
gasablassdffnung (36) umfasst, die an einem 



oberen Abschnitt des dritten vergroBerten zy- 
lindrisch Teilstukkes (301) bereitgestellt ist, 
wobei der erste Zyklon (40) mit dem ersten At>- 
gasausiass (16) Qber eine erste Abgasabias- 
sieitung (17), mit dem ersten Erzstaubelnlass 
ubereine erste Erzstaubablassleitung (41) und 
an einem oberen Abschnitt desselben mit einer 
ersten L^itung fQr gersinigtes Atigas (42), die 
in die Atmosphire mQndet, vertiunden ist, 

- wobei der zweite Zyklon.(50) mit dem zweiten 
Abgasauslass (26) Qber eine zweite Leitung fOr 
gerelnlgtes Abgas (27), mit dem zweiten Erz- 
staubelnlass (25) Qber eine zweite Erzstaubat>- 
lassleitung (51) und mit dem ersten Gaseinlass 
(11) Qber eine zweite Leitung fQr gerelnlgtes 
Abgas (52) verbunden Ist, 

wobei der dritte Zyklon (60) mit dem dritten Ab- 
gasauslass (36) Qber eine dritte Abgasleitung 
(37), mit dem dritten Erzstaubelnlass (35) Qber 
eine dritte Erzstaubablassleitung (61) und mit 
dem zweiten Gaseinlass (21) Qber eine dritte 
Leitung fQr gerelnlgtes Abgas (62) verbunden 
Ist, 

- einer ersten Rohrieitung (14) zur Verbindung 
des ersten Erzauslasses (13) mit dem zweiten 
Erzeinlass (28), so dass die Eisenerzpartikel 
durch sie hindurchgefQhrt werden konnen, 
einer zweiten Rohrieitung (24) zur Verbindung 
des zweiten Erzauslasses (23) mit einem drit- 
ten Erzeinlass (38), so dass die Eisenerzparti- 
kel durch sie hindurchgefQhrt werden konnen, 
einer dritten Rohrieitung (34) zur Verbindung 
des dritten Erzauslasses (33) mit einem 
Schmelzvergaser (80), und 

- einer Abgasleitung (82) zur Veritjindung des 
- dritten Gaseinlasses (31) mit dem Schmelzver- 
gaser (80). 

Wirt}eischichtreduktionsvonichtung nach Anspmch 
1 Oder 2. bel der jedes der konischen TellstOcke 
(102, 202, 302) einen VerjOngungswinkel zvirischen 
3' und 25° hat. 

Wirbelschichtreduktionsvonichtung nach einem 
der vothergehenden Anspruche, bel der die ersten 
und zweiten Rohrieitungen (14, 24) an ihren gebo- 
genen Abschnitten mit Gaszufuhroffhungen (P) ver- 
sehen sind, um jeder entsprechenden Rohrieitung 
eine geringe Gasmenge zufQhren zu konnen. 

Wirbelschlchtreduktionsvorrichtung nach einem 
der vorhergehenden AnsprQche, bei der jedes der 
konischen Teilstucke (102, 202, 302) eine Hdhe hat, 
die dem 5,0- bis 9, Ofachen des Innendurchmessers 
an dessen unterem Ende entspricht, und jedes der 
vergroUerten zylindrischen Teilstucke (101, 201, 
301) sine Hohe hat, die dem 2,0- bis 4,0fachen des 
innendurchmessers jedes entsprechenden koni- 
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schen Teilistuckes an dessen obeiem Ends ent- 
spricht. 

Wirbelschichtreduktionsvorrichtung nach Anspruch 
1 , die femer zumindest einen Reduktionsofen um- 
fasst. der ein vergraQertes zytindrisches oberes 
Teiistuck, ein konisches mittleres TeilstQck und ein 
verideinertes zyllndrisches unteres teiistOck auf- 
weist wobei das konische mittlere TeilstQck eine 
sich verjOngende Gestalt hat, die sich gleichmallig 
nach oben erweitert 

Venwendung einerVonlchtung nach Anspruch 1 zur 
Reduziemng feiner Eisenerze. wobei die Venwen- 
dung die folgenden Schritte umfasst: 

das Trdcknen/Vorwarmen der feinen Eisenerze 
in dem Wirbelschicht-Trocken-ZVorwarmofen 
lind das abschlie&ende Reduzieren der ge- 
trockneten/vorgewarmten Eisenerze in dem 
Wirbelschichtreduktionsofen. 

dadurch gekennzelchnet. dass 

- die feinen Eisenerze in einem wallenden, flul- 
disierten ^jstand in dem Wlrbelschicht-Trok- 
ken-ZVorwamiofen getrocknet und vorgewarmt 
werden, und 

- die getrocknetenA^orgewirmten feinen Eisen- 
erze in einem wallenden. fluidisierten Zustand 
In dem Wirbelschichtreduktionsofen reduziert 



11. Verwendung nach Anspruch 7 Oder 8, wobei die 
Verwelldauer der Eisenerzpartlkel in dem Trocken-/ 
Vorwannofen (10) Oder In dem Oder jedem Reduk- 
tionsofen (20, 30) zwischen 30 und 50 Minuten be- 
tragt. 

12. Venwendung nach Anspruch 9 oder 10, wobei die 
Verwelldauer der Eisenerzpartlkel in dem Trocken-/ 
Vorwamnofen (10) oder in dem oder jedem Reduk- 
tionsofen (20, 30) zwischen 30 und 50 Minuten be- 
trdgt. 

1 3. Verwendung einer Vorrichtung nach Anspruch 2 zur 
Reduzierung feiner Eisenerze, wobei die Verwen- 
dung die folgenden Schritte umfasst: 

r das Trocknen und Vorwarmen der Eisenerzp- 
artikei in dem Wirbeischicht-Trocken-/Vor- 
wSrmofen, das Vorreduzieren der getrockne- 
tenA^orgewarmten feinen Eisenerze in dem er- 
sten Wirbelschichtreduktionsofen und das ab- 
schlieftende Reduzieren der vdrreduzierten fei- 
nen Eisenerze in dem zweiten Wirt>e<schichtra- 
duktlonsofen. 

dadurch gekennzelchnet, dass 

- die feinen Eisenerze In einem wallenden, flui- 
disierten Zustand in dem Wirtwlschlcht-Trok- 
kenWorwarmofen getrocknet und vorgewarmt 



Venwendung nach Anspruch 7, wobei die Gasge- 
schwindigkeit in einem Freibordbereich des Trok- 
kenWonMirmofens (10) oder des Reduktlonsofens 
(20, 30) Jewells auf dem 1,0- bis 3,0fachen der ml- 



zum Ruidlsleren von Eisenerzpartikein mittlerer 
KomgroQe, die in dem relevanten Ofen verblelben. 

erforderlich ist. 

9. Venwendung nach Anspruch 7 oder 8, wobei der 
Druck des dem oder jedem Reduktionsofen (20, 30) 
zugefuhrten Gases zwischen 2 bis 4 Atm. betragt 
und der Dmckabfall, der in dem Trocken-A/br- 
wgrmofen (10) oder dem oder Jedem Reduktions- 
ofen (20, 30) auftritt, zwischen 0,3 und 0,6 Atm. be- 
trggt. 

10. Venvendung nach einem der Ansprilche 8 bis 10, 
wobei die Temperatur des dem oder Jedem Reduk- 
tionsofen (20, 30) zugefDhrten Gases zwischen 800 
und OOO^C betrigt, und der Temperaturabfail, der 
in dem Trocken-ZVonwarmoten (10) oder dem oder 
jedem Reduktionsofen (20, 30) auftritt, zwischen 30 
und SOOQ betragt. 



die getrockneten/vorgewarmten feinen Eisen- 
erze in einem wallenden, fluidisierten Zustand 
in dem ersten Wirbelschichtreduktionsofien vor- 
reduziert werden, und 
- die vorreduzierten feinen Eisenerze in einem 
wallenden, fluidisierten Zustand in dem zweiten 
Wirbelschichtreduktionsofen abschlieOend re- 
duziert werden. 

14. Venvendung nach Ansprucli 13. wobei die Gasge- 
schwihdigkeit in einem Freibordbereich'des trok- 
kenWonvarmofens (10), des ersten Reduktlons- 
ofens (20) und des zweiten Reduktionsofens (30) 
Jewells auf dem 1,0- bis 3,0-fachen der minimaien 
Gasgeschwindlgkeit gehalten vnrd, die zum Fluidi- 
sieren von Eisenerzpartikein mittlerer KomgroQe, 
die In dem zugeordneten Ofen verblelben, erforder- 
lich ist. 

15. Verwendung nach Anspruch 13 oder 14. wobei der 
Druck des dem zweiten Reduktionsofen (30) zuge- 
fOhrten Gases zwischen 2 bis 4 Atm. betragt, und 
der Druckabfall, der in dem Trocken-A/onvarmofen 
(10), dem ersten Reduktionsofen (20) oder dem 
zweiten Reduktionsofen (30) auftritt, zwischen 0.3 
und 0,6 Atm. betragt. 
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16. Verwendung nach einem der Anspruche 13 bis 15, 
wobei die Temperatur des dem zweiten Redulctions- 
ofen (30) zugefuhrten Gases zwischen 800 und 
900°C betragt, und der Temperaturab^l, der in 
dem Trocken-A/orwarmofen (10), dem ersten Re- « 
duldionsofen (20) und dem zweiten Reduktionsofen 
(30) auftritt, zwischen 30 und 80°C betragt 

17. Venwendung nach Anspruch 13 Oder 16. wobei die 
Venveildauer der Eisenerzpartikel In dem Trocken-/ . io 
Vonwarmofen (1 0). dem ersten Reduktionsofen (20) 
und dem zweiten Reduktlonsofsn (30) zwischen 20 
und 40 MInuten betrSgt. 

IS 

Revendlcations 

1 . bispositif de r6duction du type d lit fluldisa (1 ) pour 
reduire des particuies de mineral de fer. 
comprenant : 20 

un four de s6chage/pr6chauftege h lit fluidisd 
(10) pour s^er et prSchaufTer du mineral, de 
fer fin delivr« depute une trSmie (70), un four de 
reduction k lit fluldis6 (20) pour rddulre finale- 26 
ment le mineral de fer fin s6ch6 et prSchauffd 
dans le four de s6chage/prechaLiffage (10), un 
premier cyclone (40) pour capturer la poussi&re 
de mineral de fer contenue dans un gaz 
d'6chappement d6charg6 depuis le four de s6- 30 
chage/pr6chauffage (1 0) et recycler la poussi6- 
re de mineral de fer captur6e vers ie four de 
s^age/pr^auffiage (10) pendant que le gaz 
d'Schappement nettoy6 est decharg6 vers I'ex- 
tdrieur, exempt de poussi6re de mineral de fer ; 3S 
et 

un deuxi6me cyclone (50) pour capturer la 
poussi&re de mineral de fer contenue dans un 
gaz d'6chappement d6charg6 depute le four de 
reduction (20) et recycler la poussiere de mine- ■<(» 
rai de fer capturde vers le four de rSduction (20) 
pendant que le gaz d'^happement nettoyd, 
exempt de poussi&re de mineral de fer, est d6- 
Iivr6 au four de sdchage/pr^chaufbge (10), 
le four de sechage/prSchaufFage (10) compre- 
nant une premiere section cylindrique sup6- 
rieure agrandie (101), une premiere section co- 
nique interm6diaire (102) et une premi6re sec- 
tion cylindrique infSrieure reduite (103), la pre- 
miere section conlque interm^diaire (102) 50 
ayant une forme efRI6e qui s'elargit r6gull&re- 
ment dans une direction vers le haut, le four de 
s§chage/pr6chauffage (10) comprenant en 
outre une premiere entree de gaz (11) dispos^e 
au niveau d'une partie de fond de la premiere ss 
section cylindrique r6dulte (103), un premier 
distributeur (12) install^ au niveau d'une partie 
superieure de la premiere section cylindrique 



reduite (103), une premiere entree de mineral 
(18) disposSe au niveau d'une partie de pjaroi 
laterale de la premiere section conique (102), 
une premiere sortie de mineral (13) dispos6e 
au niveau de Pautre partie de parol latSrale de 
la premiere section conique (102), une premie- 
re entree de poussiere de mineral (15) dispo- 
s6e au niveau de rautre partie de parol iatSrale 
de ta premiere section conique, et une premiere 
sortie de gaz tfechappement (16) dispose au 
niveau d'une partie superieure de la premiere 
section cylindrique agrandie (101) ; 
ie four de reduction comprenant une deuxidme 
section cylindrique supdrieure agrandie (201), 
une deuxi&me section conique Intermedlaire 
(202) et une deuxldme section cylindrique Infd- 
rieure r6duite (203), la deuxieme section coni- 
que interm6dialre ayant une forme effilee qiii 
s'ilargit rigulierement dans une direction vers 
le haut. ie four de reduction comprenant en 
outre une deuxieme entree de gaz (21) dlspo- 
see au niveau d'une partie de fond de la deuxie- 
me section cylindrique reduite. un deuxieme 
distributeur (22) instalie au niveau d'une partie 
superieure de ia deuxieme section cylindrique 
reduite, une deuxieme entree de mineral (28) 
disposee au niveau d'une partie de parol late- 
rale de la deuxieme section conique. une 
deuxieme sortie de mineral (23) disposee au ni- 
veau d'une partie de parol laterale de la deuxie- 
me section conique, une deuxl6me entr6e de 
poussiere de mineral (25) disposee au niveau 
d'une autre partie de parol laterale de la deuxie- 
me section conique, et une deuxieme sdrtle .de 
gaz d'echappement (26) disposee au niveau 
d'une partie superieure de la deuxieme section 
cylindrique agrandie ; 

ie prerhier cyclone etant connecte e la premiere 
sortie par rinterm6dialre d'une premiere ligne 
de gaz d'6chappement (17), connecte e la pre- 
miere entree de poussiere de mineral par I'in- 
termediaire d'une premiere ligne de d6charge 
de poussiere de mineral (41), et connecte au 
niveau d'une partie superieure de celui-d e une 
premiere ligne de gaz d'6chappement nettoy6 
(42) ouverte sur I'atmosphere ; 
ie deuxieme cyclone (50) 6tant connecte e ia 
deuxieme sortie de gaz d'6chappement par I'in- 
termedialre d'une deuxieme ligne de decharge 
de gaz d'echappement (27). connecte e la 
deuxieme entr6e de poussiere de mineral par 
i'intermediaire d'une deuxieme iigne de dechar- 
ge de poussiere de mineral (51), et connecte e 
la premiere entree de gaz par I'intermediaire 
d'une deuxieme iigne de gaz d'echappement 
nettoye (52) ; 

une premiere conduite (14) pour connecter la 
premiere sortie de mineral (13) et ia deuxieme 
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sortie de mineral (28) de faQon que les particu- 
les de minerai de fer soient introduites par son 
interniSdiaire ; 

une deuxISme conduite (24) pour connecter la 
deuxiSme sortie de mineral (23) k un gaz6ifica- s 
teur fondeur (80) de ^^on que les particules de 
minerai de fer soient introduites dans le gaz6i- 
ficateur fondeur par son intermSdiaire : et 
une ligne de gaz d'6chappement pour connec- 
ter la deuxigme entr6e de gaz au gazSificateur io 
fondeur (80). 

2. Dispositif de reduction du type d lit fluidlsd (1) pour 
rSduire des particules de minerai de fer. 
comprenant : is 

un four de s6chage/pr6chauffage h lit fluidis6 
(10) pour sdcher et pr6chaufFer du minerai de 
fer fin ddlivrd depuis une tremie (70), un pre- 
mierfourde r^uction d litfiuidisd (20) pourpr6- 20 
rSduirs le minerai de fer fin s6ch6 et prSdiauifd 
dans le four de s^chage/pr^hauffage (10). un 
deuxidme four de reduction ^ lit fluidlsd (30) 
poiir r6duire finalement le minerai de fer fin prd- 
rdduitdanslepremierfourde reduction, un pre- 25 . 
mier cyclone (40) pour capturer la poussidre de 
minerai de fer contenue dans un gaz d'tehap- 
pement d6chaig6 depuis le four de stehage/ 
prdchauflage (10) et recycler la poussidre de 
mineral de fer capturSe vers le four de sdchage/ 30 
pr^auffiage (1 0) pendant que le gaz d'tehap- 
pement nettoyd est ddchargd vers I'extdrieur, 
exempt de poussiSrs de minerai de fer ; 
un deuxidme cyclone (50) pour capturer la 
poussi^re de minerai de fer contenue dans un 35 
gaz d'dchappement dSchargd depuis le pre- 
rnierfbur de reduction (20) et recycler la pous- 
si6re de minerai de fer capturde vers le premier 
four de reduction (20) pendant que le gaz 
d'dchappement nettoyS. exempt de poussidre 40 
de minerai de ver, est d6livr6 au four de sdcha- 
ge/pr6chaufbge (10), un troisi&me cyclone 
(60) pour capturer la poudre de minerai de fer 
contenue dans un gaz d'6chappement ddchar- 
g6 depuis le deuxidme four de reduction (30) et 45 
recycler la poussidre de mineral de fer captur^e 
vers le deuxidme four de r6duction (30) pen- 
dant que le gaz d'dchappement propre, exempt 
de poussiSre de minerai de fer, est dSlivrd au 
premier four de reduction (20), so 
le four de s6chage/pr6chauffage (10) compre- 
nant une premiere section cyltndrique sup§- 
rieure agrandie (101), une premiere section co- 
nique intermddiaire (102) et une premiere sec- 
tion cylindrique infdrieure rdduite (1 03), la pre- 55 
miSre section conique intermediaire (102) 
ayant une forme efiit6e qui s'diargit r&guWkre- 
ment dans une direction vers le haut, le four de 




s6chage/prechauffage (10) comprenant en 
outre une premiere entree de gaz (1 1 ) disposde 
au niveau d'une partie de fond de la premiere 
section cylindrique rSduite (103), un premier 
distributeur (12) install^ au niveau d'une partie 
sup^rieure de la premi&re section cylindrique 
r^uite (103), une premiere entr6e de minerai 
(18) disposie au niveau d'une partie de parol 
latdrale de la premiere section conique (102), 
une premiere sortie de minerai (13) dispos^e 
au niveau d'une autre partie de parol latdrale 
de la premiere section conique (102), une pre- 
miere entree de poussidre de mineral (15) dis- 
pbste au niveau de Fautre partie de parol lat^ 
rale de ia premiere section conique (102). et 
une premi&re sortie de gaz d'dchappement (16) 
disposde au niveau d'une partie sup^rieure de 
la premiere section cylindrique agrandie (101) ; 
Io premier four de reduction (20) comprenant 
une deuxidme section cylindrique supSrieure 
agrandie (201), une deuxi&me section conique 
interm6diaire (202) et une deuxi&me section 
cylindrique inf6rieure r^duHe (203), la deuxi6- 
me section conique interm6diaire (202) ayant 
une forme eflil6e qui s'^largit r^guli&rement 
dans une direction vers le haut, le premier four 
de rdduction (20) comprenant en outre une 
deuxidme entrde de gaz (21) disposde au ni- 
veau d'une partie de fond de la deuxiftme sec- 
tion cylindrique rdduite (203), un deuxi^me dis- 
tributeur (22) install^ au niveau d'une partie su- 
pdrieure de la deuxiSme section cylindrique r6- 
dulte (203). une deuxidme entree de minerai 
(28) dispos6e au niveau d'une partie de parol 
lat§rale de la deuxi6me section conique (202). 
une deuxi§me sortie de minerai (23) dispos6e 
au niveau d'une partie de parol iatSrale de la 
deuxidme section conique (202). une deuxid- 
me entree de poussi^re de minerai (25) dispo- 
s6e au niveau de i'autre partie de parol latSrale 
de la deuxidme section conique (202). et une 
deuxidme sortie de gaz d'dchappement (26) 
dispos§e au niveau d'une partie supdrieure de 
la deuxiime section cylindrique agrandie 
(201); 

le deuxidme four de reduction (30) comprenant 
une troisi^me section cylindrique supSrieure 
agrandie (301). une troisidme section conique 
interm6diaire (302) et une troisi6me section cy- 
lindrique inf6rieure r6duite (303), la troisieme 
section conique intermediaire (302) ayant une 
forme effilee qui s'6largit r6guli6rement dans 
une direction vers le haut, le deuxieme four de 
reduction. (30) comprenant en outre une troi- 
sieme entree de gaz (31) dlspos6e au niveau 
d'une partie inferieure de la troisieme section 
cylindrique r§duite (303), un trolsidme distribu- 
teur (32) installs au niveau d'une partie sup^ 
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rieure de la troisieme section cylindrique redui- 
te (303), une troisieme entree de minerai (38) 
dispos§e au niveau d'une partie de paroi late- 
rale de la troisieme section conique (302). une 
troisieme sortie de minerai (33) dispos6e au ni- ^ 
yeau d'une autre partie de paroi laterale de la 3. 
troisieme section conique (302), une troisieme 
entrte de poussi&re de minerai (35) disposde 
au niveau d'une partie de paroi latdraje de la 
troisl6me. section conique (302), une trolsldme io 
sortie de pcussldre de mineral (36) disposde au 
niveau d'une autre partie de paroi lat^ralb de la 4. 
troisieme section conique, et un troisieme orifi- 
ce de decharge de gaz d'dchappement (36) 
dispose au niveau d'une partie sup6rieure de is 
la troisieme section cylindrique agrandie (301 ) ; . 
ie premier cyclone (40) dtant connects ^ la pre- 
miere sortie de gaz d'Schappement (16) pari'in- 
termddiaire d'une premiere ligne de decharge 
de gaz d'echappement (17), Stent connects d 20 5. 
la premiere entree de poussi^re de minerai par 
I'interm6diaire d'une premiere llgne de ddchar- 
ge de poussi^re de mineral (41). et 6tant con- 
nects au niveau d'une partie supdriiaure de co- 
lui-ci d une premi&re ligne de gaz d'Schappe- 25 
ment nettoyd (42) ouverte sur ratnvssphSre ; 
Ie deuxieme cyclone (50) Stant connects d la 
deuxieme sortie de gaz d'Schappement (26) 
par I'intermSdiaire d'une deuxieme ligne de gaz 
d'Scliappement nettoyS (27), Stant connects h 30 
la deuxidme entrSe de poussiSre de minerai 6. 
(25) par I'intennSdiaire d'une deuxiSme ligne de 
dScharge de poussiSre de minerai (51), et con- 
nects S la premiSre entrSe de gaz (11) par Hn- 
termSdiaire d'une deuxiSme ligne de gaz 35 
d'Schappement nettoyS (52) : 
Ie troisiSme cyclone (60) Stent connects h la 
troisiSme sortie de gaz d'Schappement (36) par 
I'intermSdiaire d'une troisiSme ligne de gaz 7. 
d'Schappement (37), Stent connects d la troi- w 
siSme entrSe de poussiSre de minerai (35) par 
I'intermSdiaire d'une troisiSme ligne de dSchar- 
ge de poussiSre de minerai (61), et Stent con- 
nects S la deuxieme entrSe de gaz (21) par I'in- 
termSdiaire d'une troisiSme llgne de gaz 45 
d'Schappement nettoyS (62) ; 
une premiSre conduite (14) pour connecter la 
premtSre sortie de minerai (13) et la deuxiSme 
sortie de minerai (28) de fa^on que les particu- 
les de minerai de fer soient introduites par son so 
intermSdiaire ; 

une deuxiSrhe conduite (24) pour connecter la 
deuxiSme sortie de minerai (23) et la troisiSme 
sortie de minerai (38) de facon que les particu- 
les de minerai de fer soient introduites par son 55 
intermediaire ; 

une troisieme cohduite (34) pour connecter la 8. 
troisieme sortie de minerai (33) S un gazSifica- 



teur fondeur (80) ; et 

une ligne de gaz d'Schappement (82) pour cor>- 
necter la troisiSme entrSe de gaz (31 ) au gazSi- 
ficateur fondeur (80). 

Oispositif de rSduction du type a lit fluidise selon la 
revendication 1 ou la revendicatiori 2, dans lequel 
chacune des sections coniques (102. 202, 302) a 
un angle de conicitS situS dans la plage allant de 3° 
S25». . 

Oispositif de rSducHon du type S lit fluidisS selon 
I'une quelconque des revendications prScSdentes,- 
dans lequel les premiere et deuxieme conduites 
(14, 24) sent munies au niveau de leurs parties in- 
curvSes d'orifices d'alimehtation en gaz (P) pour dS- 
livrer une petite quantitS de gaz S chaque conduite 



Oispositif de rSduction du type d lit fluidisS selon 
I'une queiconqus des revendications prScSdentes, 
dans lequel chacune des sections coniques (102, 
202, 302) a une hauteur 5,0 d 9,0 fois aussi impor- 
tante que Ie dIamStre IntSrieur au niveau de son ex- 
trSmitS infSiieure. et chacune des sections cyiindri- 
ques agrandies (101. 201, 301) a une hauteur 2,0 
S 4,0 fois aussi importante que Ie diamStre intSrieur 
de chaque section conique correspondante au ni- 
veau de son extrSmitS supSrieure. 

Oispositif de rSduction du type k lit fluidisS selon la 
revendication 1, comprenant en outre au moins un 
four de rSduction comprenant une section cylindri- 
que supSrieure agrandie, une section conique inter- 
mSdiaire et une section cylindrique InfSrieure rSdui- 
te, la secOon conique intermSdiaire ayant une forme 
effiiSe qui s'agrandit rSgull6rement vers Ie haut. 

Utilisation d'un dispositif selon la revendication 1, 
pour rSduire du mineral de fer fin ; I'utilisation com- 
prenant les Stapes de : 

sSchage/prSchaufFage du minerai de fer fin 
dans ledit four de sSchage/prSchauffage du type ^ 
lit fluidisS et la rSduction finale du minerai de fer sS- 
chS/prSchaulfS dan's ledit four de reduction du type 
S lit fluidisS, 

caractSrIsSe en ce que : 

Ie mineral de for fin est sSchS et prSchaufTS 
dans un Stat de fluldisatlon S builes dans ie four 
de sSchage/prSchauflage du type S lit fluidisS ; 
et 

Ie mineral de fer fin sSche/prechauffe est rSduit 
dans un Stat de fluldisatlon S bulles dans ie four 
de rSduction du type S lit fluidise. 

Utilisation selon la revendication 7, dans iaqueile la 
Vitesse du gaz au niveau d'une zone de franc-bord 
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de run ou I'autre du four de s6chage/pr6chaufibge 
(10) et du four de reduction (20, 30) est maintenue 
dans une plage de 1 ,0 ^ 3,0 fois la Vitesse de gaz 
minlnnale requise pour fluidiser des particules de 
mineral de fer ayant la granulomStrie moyenne res- 
tant dans le four concemd. 

9. Utilisation selon la revendication 7 ou 8, dans la- 
quelle la pression du gaz d^livrd au ou d chaque 
four de r^uction (20. 30) est situSe dans la plage 
allant de 2 S 4 atmospheres, et la chute de pression 
se produisant dans run ou I'autre du four de sScha- 
ge/pr§chauffage (10) et du ou de chaque four de 
reduction (20, 30) est situSe dans la plage allant de 
0.3 ^ 0,6 atmosphere. 

10. Utilisation selon I'une quelconque des revendica- 
tions 8 e 10, dans laquelle la temperature du gaz 
deiivre au ou h chaque four de reduction (20, 30) 
est sttuee dans la plage allant de 800 e 900° C, et 
la chute de temperature se produisant dans I'un ou 
I'autre du four de sechage/prechauffage (10) et du 
ou de chaque four de reduction (20. 30) est situee 
dans la plage aHant de 30 d SCC. 

11. Utilisation selon la revendication 7 ou 8, dans la- 
quelle le temps de sejour des particules de mineral 
de fer dans run ou I'autre du four de sechage/pre- 
chauffage (1 0) et du ou de chaque four de reduction 
(20, 30) est situe dans la plage allant de 30 e 50 
minutes. 

12. Utilisation selon la revendication 9 ou la revendica- 
tion 10, dans laquelle le temps de sejour des parti- 
cules de mineral de fer dans I'un ou I'autre du four 
de sechage/prechauffage (10) et du ou de chaque 
four de reduction (20, 30) est situe dans la plage 
allant de 30 e 50 minutes. 

13. Utilisation d'un dispositif, selon la revendication 2, 
pour reduire des particules de mineral de fer, I'utili- 
sation comprenant les etapes de : 

sechage et prechaufFage des particules de 
mineral de fer dans ledit four de sechage/prechauf- 
fage du type e lit fluidise. pr6-r6duction du mineral 
de fer fin seche/prechauffe dans ledit premier four 
de reduction du type e lit fluidise, et reduction finale 
du mineral de fer fin pre-reduit dans ledit deuxieme 
four de reduction du type h lit fluidise. 

caracterisee en ce que : 

le mineral de fer fin est seche et prechauffe 
dans un etat de fluidisatlon k bulles dans le four 
de sechage/prechauflage du type e lit fluidise ; 
le mineral de fer fin seche/prechauffe est pre- 
reduit dans un etat de fluidisatlon e bulles dans 
le premier four de reduction du type d lit 
fluidise ; et 



le mineral de fer fin pre-reduit est finalernent re- 
duit dans un etat de fluidisatlon d bulles dans 
le deuxieme four de reduction du type d lit flui- 
dise. 

14. Utilisation selon la revendication 13, dans laquelle 
la Vitesse du gaz au niveau d'une zone de franc- 
bord dans chacun du four de sechage/prechauffage 
(10), du premier four de reduction (20) et du deuxie- 
me four de reduction (30) est maintenue dans une 
plage, de 1,0 e 3,0 fbis la Vitesse de gaz minimale 
requise pour fluidiser des particules de mineral de 
fer ayant la granulometrie moyenne restant dans le 
fbur a 



15. Utilisation selon la revendication 13 ou 14, dans la- 
quelle la pression du gaz deiivr6 au deuxi6me fbur 
de reduction (30) est situee dans la plage allant de 
2^4 atmospheres, et la chute de pression se pro- 
duisant dans le four de sechage/prechauffage (10), 
le premier four de reduction (20) ou le deuxieme 
four de reduction (30) est situee dans la plage allant 
de 0,3 e 0,6 atmosphere. 

16. Utilisation selon i'une quelconque des revendica- 
tions 13 e 15, dans laquelle la temperature du gaz 
deiivre au deuxieme four de reduction (30) est si- 
tuee dans la plage aliant de 800 d 900<>C. et la chute 
de temperature se produisant dans chacun du fbur 
de sechage/prechaufbge (10). du premier four de 
reduction (20) et du deuxieme fbur de reduction (30) 
est situee dans la plage allant de 30 h 80<>C. 

17. Utilisation selon I'une quelconque des revendica- 
tions 13 e 16, dans laquelle le temps de sejour des 
particules de mineral de fer dans chacun du four de 
sechage/prechauffage (10), du premier fbur de re- 
duction (20) et du deuxieme four de reduction (30) 
est sttue dans la plage allant de 20 e 40 minutes. 
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